2,3,7,8-Tetrachlorodibenzo-p-dioxin versus 3-methylcholanthrene: comparative studies of Ah receptor binding, transformation, and induction of CYP1A1.
Halogenated aromatic hydrocarbons such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and polycyclic aromatic hydrocarbons such as 3-methylcholanthrene (MC) cause transcriptional activation of the CYP1A1 gene via their interaction with the aromatic hydrocarbon (Ah) receptor. Direct radioligand binding and competitive binding studies demonstrated that the cytosolic Ah receptor from the mouse hepatoma cell line Hepa-1 bound TCDD with an affinity approximately 3-4-fold greater than that for MC. However, TCDD was approximately 1,000-fold more potent than MC as an inducer of CYP1A1-mediated aryl hydrocarbon hydroxylase activity in cultured Hepa-1 cells as assessed at 14 h following exposure to inducer. To understand the basis for this quantitative discrepancy between Ah receptor binding affinity and CYP1A1 induction potency, we systematically compared TCDD and MC for their abilities to activate sequential events in the CYP1A1 induction mechanism that occur subsequent to initial binding to the cytosolic Ah receptor. Using a gel retardation assay, TCDD and MC were shown to be equipotent in causing in vitro transformation of the cytosolic Ah receptor to its DNA-binding form. In addition, the transformed Ah receptor bound to a specific dioxin-responsive enhancer sequence with the same apparent affinity when MC was the ligand as when TCDD was the ligand. At an early time point (i.e. 2 h) in the CYP1A1 induction process, TCDD was only approximately 4-25-fold more potent than MC in stimulating the nuclear uptake of the ligand-Ah receptor complex, and the two ligands displayed a relatively small difference (> or = 10-fold) in CYP1A1 mRNA induction potency. When assessed at 4 h following ligand treatment, TCDD was only approximately 10-fold more potent than MC as an aryl hydrocarbon hydroxylase inducer, suggesting a time-dependent reduction in the potency of MC in intact cells. Exposure of Hepa-1 cells to MC over a 16-h time course resulted in an increased ability of these cells to convert [3H]MC to alkali-extractable metabolites. Our data are consistent with the idea that TCDD and MC display relatively small differences in their intrinsic abilities to activate Ah receptor-mediated events. The reduced biological potency of MC observed in intact cells and whole animals is at least partially due to the more rapid metabolic inactivation of this ligand compared with the poorly metabolized TCDD. By extension, the extraordinary toxicity of TCDD may not be explained solely by its high affinity for the cytosolic Ah receptor.